A report of these inivestigationis (6) revealed lio obvious abniormalities, except for weakness of the upper part of the arms anid thighs together with slight wasting of the proximal limb muscles, which suggested the diagniosis of progressive muscular dystrophy. The (lark urinary pigmenit, excreted after episodes of cramps, was identified as iiyoglobini; in additioni, such urinie specimenis conitained large amounts of creatine. A series of other laboratory tests was performed, the results of which were believe(d to be essentially normal. On re-examination of the published data (6) , however, it is apparent that following exercise the concentrationi of lactic acid in the blood showed a distinict decrease, inistead of the expected rise. The significance of this findinig was not appreciated at that time.
Sinice this report in 1948 (6) , the patient's conditioni hias slowly deteriorated. His musculature has become progressively weaker and atrophic, involving particularly the thighs, the upper arms an(d the shoulder girdle. Se-2044 vere attacks of cramps and myoglobinuria have occurred less frequently. This may, in part, have been due to the patient's having learned to avoid situations prone to induce such episodes. In spite of his semi-invalid condition, he stayed on his job until summer 1957, when because of a fall and injury in descending a stairway, he was forced to retire.
Since that time, he has been taking daily walks of 10 to 20 blocks on level ground at slow pace to keep up his physical exercise. He has great difficulty, however, in entering or leaving a bus or taxicab, or climbing even a few steps of a stairway. Over the past year he has noticed the onset of difficulties in chewing, resulting from cramplike pain in his muscles of mastication.
His past history included pulmonary tuberculosis at age 20, gonorrhea at 27, and syphilis at 30. At the time of the present studies, repeated X-ray and laboratory tests failed to reveal any evidence for continued activity of these conditions.
The patient has nine living siblings, none of whom has noticed abnormalities in muscle function or excretion of dark urine. One sister died at the age of 20 of pulmonary tuberculosis. His father died at 80 from carcinoma of the lung, while his mother is still living and well at 82. For all of his adult life the patient has smoked approximately one package of cigarettes per day and has taken alcohol only sparingly. He denies the use of drugs, or known exposure to toxinis.
Physical examination revealed a temperature of 93.80 F., blood pressure 124/96, regular pulse rate of 76 and respiratory rate of 18. He was a pyknic, slightly obese white male in no apparent distress (Figure 1 ). Abnormal physical finidings were limited to the muscularsystem. There was general wasting of the proximal muscles of the extremities and the shoulder girdle. In the upper limbs the muscle groups most severely affected included biceps, triceps, infraspinatus, pectoralis, trapezius and latissimus dorsi, as well as the sternomastoids. The muscles of the forearms and the hands were fairly well preserved and so were the muscles of the trunk and spine. In the lower extremities, atrophy and weakness were most severe in the quadriceps and adductors, but the calves appeared to be actually hypertrophic. No atrophy was noticed in the muscles supplied by cranial nerves. There was no percussion myotonia or fasciculation. The tendon reflexes were equal onI both sides, but were quite hypoactive. Pathological reflexes were absent. The cranial nerves and the sensory system were intact.
X-ray examinations of the chest and the gastrointestinal tract were normal. The heart was not enlarged and two electrocardiograms failed to reveal significant abnormalities. (16) , phosphorus (17) and potassium (18) were determinied at inltervals of 30 minutes for the following three hours.
Epiniephrine was injiected subcutanieously in a (lose of 0.5 ml. of a 1: 1000 solutioni anid glucagoni initravenously in a dose of 1 mg. (Table I ). Noniesterified fatty acids (NEFA) were determinied by the method of Dole (19) .
The combined glucose and inisulini test (Table II Figure 2 ). Other exercise tests were performed as follows: with the patient at rest, urine was collected over a 24 hour period for quantitative determination of creatine, creatinine and potassium excretion (18, 20) as well as for the demonstration of myoglobin (11, 12) .. The patient was then asked to assume a crouching position for 20 seconds, at which time severe cramps developed in both thighs and calves. Venous blood specimens were drawn from the femoral vein before and five minutes after the excercise for estimationi of pH, C02, 02 anid potassium, and the urine was collected for 24 hours following the exercise test (Table III) .
Another 20 ,uMoles glucose-l-phosphate, glucose-6-phosphate, or frucosphorylase.
tose-1, 6-diphosphate or 3 mg. of human or animal glycogen was present per flask. In some instanices, 2 mg. Incubationis were carried out in an atmosphere of 95 istance with a per cent N2, 5 per cent CO. for thirty minutes at 38°C. in ter the enld of a Dubonoff shaking water bath. At the end of the incubaupper arm was tioin, the reaction was terminated by the addition of 3 ml.
ithdrawn from 10 per cent trichloracetic acid. In some instances (Table   lthy individual IV), muscle slices of approximately 100 mg. were preaiimouint of ex-incubated for 10 minutes at 380 C. with Tris buffer, cointhe latter, the taining 2 ,ug. per ml. of epinephrine to assure complete itigue, whereas conversioni of phosphorylase B to A (24) (25) (26) dexperimental Glycogen w,as freshly prepared from human muscle day.
obtained at surgery or from rat muscle (27) .
eg (21) The data obtained after administration of epiiephrine or glucagon are summarized in Table I . Both compounds produced a transient hyperglycemia, whiclh was comparable in degree to that seen in normal individuals (31, 32) , suggesting adequate glucose mobilization in the liver. There was a simultaneous rise in lactate concentration, whereas pyruvate remained essentially unchanged. Phosphorus levels were low in the fasting state and both epinephrine and particularly glucagon produced a further fall to values which were distinctly below normal (32, 33) . The decrease in potassium concentration was similar to that found in normal individuals (34) . Glucagon administration was followed by the expected fall in NFEFA concentration (35) .
The effect of intravenous injection of glucose and insulin on the level of lactate, pyruvate, phos-N i\utritional Biochemicals Corporation. phorus and NEFA is summarized in Table II parable to that found in the conitrol sutbject.
Blood glucose concentration did not change significantly in either of the experimelntal subjects.
In the isclhemiiic exercise test (Figure 3) , the dlifference between patient and control subject was even miiore striking. Here, the returni of blood from the exercised limb to the liver w,as obstructed, permiitting a closer evaluation of the metabolic events durinig muscular contraction. As seen in Figure 3, (21) . IUnfortuniately, the status of the patient's peripheral vessels in all four extremities did not permiiit mnore extensive studies of blood flow at rest or during exercise.
As seen in Table III (Table VI) . The lowest value was obtained with the immobilized muscle.
These findings indicated that the defect in glycogenolysis probably involved the phosphorylase system. Determination of phosphorylase activity in the patient's muscles revealed the absence of significant enzymatic activity (Table V) . Addition of epinephrine (26, 43) or adenylic acid (25, 26) to the incubation mixture or preincubation of tissue with epinephrine failed to activate the enzyme system. On the other hand, muscle preparations obtained from control individuals showed phosphorylase activity comparable in magnitude to that reported in earlier studies (44 ., %-" U I LIL; 3.y 1-1 I X ll"llictol ..INCILL11J..-.
".
-In the upper two fibers, the granular material has partly disappeared and histiocytic nuclei are present within the blebs. Figure 6 is a cross section of quadriceps, stained with PAS. There is a similar accumulation of PAS-positive material under the raised sarcolemma and, in some fibers, infiltrating diffusely the sarcoplasm. Figure 7 is a cross section of gastrocnemius stained with hematoxylin and eosin. The granular material was largely washed out by the staining procedure.
On the right is a necrotic fiber with histiocytic invasion and on the upper left a remnant of another damaged fiber.
DISCUSSION
Current physiological concepts indicate that adenosine triphosphate (ATP) plays a central role as the immediate source of energy which is required for muscular contraction as well as for the basic metabolism of muscle at rest (1, 42, 48) . In resting muscle, the relatively small amount of higlh energy phosphate needed is largely generated through oxidation of noncarbohydrate materials (49) , while oxidation of glucose to CO, and water, and anaerobic dissimilation of glucose to lactate appear to be of minor importance. However, even resting muscle which actively takes up 02 produces a small amount of lactate which is almost all derived from degradation of glucose (49) . Approximately 60 per cent of the glucose uptake by forearm muscles can be accounted for by lactate production (49), while anaerobic breakdown of glycogen appears to be of little importance as a source of energy at rest.
In contracting muscle, on the other hand, the increased energy requirements cannot be met by lipid and carbohydrate nutrients which diffuse from the blood into the muscle cells, nor is the oxygen supply adequate to sustain a predominantly aerobic oxidation (1, 42) . Maximal activity of frog muscle, for instance, increases the rate of ATP utilization almost 1,000-fold above the resting rate (42) . The energy for this muscular work must be largely supplied through anaerobic mechanisms and from substrates which are present within the muscle cells.
The amounts of ATP and of phosphocreatine stored in the muscle are insufficient to sustain anaerobic contraction for more than a very short period of time (42) . For continued activity, the energy demand must be met by anaerobic glycolysis of glycogen to lactic acid. The latter diffuses into the interstitial fluid and is carried by the circulation to the liver, where it is in part oxidized to CO2 and water and in part utilized for resynthesis of glycogen (42) . The rise in lactate concentration, which is always observed after exercise, is a reflection of the greatly increased rate of anaerobic glycolysis in contractinig muscles (2, 3) .
In the patient studied, a moderate degree of exercise for a very short period of time resulted in severe cramps which prevented further use of the involved muscle groups for several days. Associated with this process was histological evidence of muscle necrosis ( Figure 7 ) and transient myoglobinuria. These observations suggested that the patient may be unable to mobilize glycogen for contraction of his muscles and may depend solely on whatever other fuels the muscles are able to abstract from the blood. This concept was borne out by both the findings in viZvo and the studies of muscle metabolism in vitro.
In vivo, exercise and ischemic exercise failed to result in increased lactate concentration in venous blood (Figures 2 and 3) , whereas in the normal individual and in five patients with other forms of myopathies, comparable amounts of exercise resulted in marked elevation of venous lactate levels. The finding that exercisinig the patient's muscle under ischemic conditions did not lead to a rise in venous lactate concentration indicated that the lack of lactate response was independent of changes in muscular blood flow. In vitro, lactate production by the patient's muscle was greatly reduced in spite of the presence of increased amounts of glycogen. This defect was not corrected by preincubation of muscle tissue with epinephrine (26, 50) , nor by addition of glycogen prepared from normal human muscle or from rat muscle. On the other hand, addition of crystalline phosphorylase greatly increased lactate formation (Table IV) . This finding and the demonstrated absence of phosphorylase activity, even in the presence of epinephrine or adenylic acid (26, 50) (Table V) . indicated that the primary defect involved the phosphorylase system.
In normal muscle that has been exercised (26, 50) or totally immobilized (Table V) , phosphorylase may be largely present in its metabolically R2LTI) SCHMID AN1) ROBERT MAHLER inactive formi "bl,"' but coniversion to the enzymiiatically active form "a" can be achieved by epineplhrine (26, 50) . This is illtustrated in Table V where preincubationi of normiial rectus muscle witlh epinephrinie resulted in significantly increased phosphorylase activity. Moreover, addition of adenylic acid to homogenate prepared from previously immobilized muscle greatly increased phosphorylase activity (Table V) . \Vith the patient's muscle, on the otlher lhand, these compounds did not inicrease enzymilatic activity. Fuirthermiiore, the patient's mluscle dlid nlot appear to conitain phosphorylase inhibitors or increased activity of the phosphorylase-rupturing enzyme (50, 51) , since the muscle honmogeniate from the patient did not reduce the enzymatic activity of niormal lutiscle preparations (Table V) .
In contrast to this defect in the phosphorylase system, lactate formiiationi from phosphorylated hexoses was not impaired in. vitr-o (Table VI) . Likewise, in vil'o, oral and initravenotus administrationl of gltucose anldl initraveniotus injectioni of instulin (Table II) resulted in a significant inicrease in venous lactate concentration; this was associated witlh a colncomiiitanit reductioni in serum phosphorus and NEFA. MIoreover, the hyperglycemia following injection of glucagon was accompanied by similar chaliges in lactate, phosphorus and NEFA levels (Table I) . These observations indicated active utilization of glucose in the periphery. It should be noted that the fall in serum phosphorus, following injection of glucose and insulini (Table II) 
